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CARBAMOYL AND THIOCARBAMOYL DERIVATIVES
OF N-BENZYL-AMINOMETHYL-DIMETHYL-
PHOSPHINE OXIDE
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Stoycho Shenkouv,® Wolfgang Kldui,* and Sabi Varbanov?®
Institute of Polymers, Bulgarian Academy of Sciences, Sofia,
Bulgaria;® Department of Ecology, Forestry University, Sofia,
Bulgaria;® and Department of Inorganic Chemistry and
Structural Chemistry, Heinrich-Heine University—Diisseldorf,
Diisseldorf, Germany*®
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A series of thirteen new carbamoyl and thiocarbamoyl derivatives of
N-benzyl-aminomethyl-dimethyl-phosphine oxide have been synthe-
sized and characterized. The compounds were prepared via inter-
action of N-benzyl-aminomethyl-dimethyl-phosphine oxide with the
corresponding isocyanates or isothiocyanates. The composition of the
synthesized novel compounds was proved by elemental analysis for ni-
trogen and the structures were confirmed by IR,'H-, 31 P- 31 P{1H} NMR
spectroscopy and by mass spectrometry.

Keywords: N-Benzyl-aminomethyl-dimethyl-phosphine oxide; N-
substituted-carbamoyl-(or  thiocarbamoyl-)-N-benzyl-aminomethyl-
dimethyl-phosphine oxides; phosphorus-containing ureas and thio-
ureas; tertiary phosphine oxides

INTRODUCTION

Tertiary phosphine oxides functionalized with primary or secondary
amino groups and diesters of aminophosphonic acids are very inter-
esting as starting reagents for preparation of new organophosphorus
compounds.'~* The highly reactive amino groups included in such com-
pounds allow the preparation of a great number of derivatives, such as
ureas, nitrosoureas, thioureas, Shiff bases, adducts with oxyranes and
bisoxyranes, and coordination compounds with metal ions.*~1° Some
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of these derivatives have shown physiological activity, even antitumor
activity.”1171% This article is a continuation of our investigations on
the preparation of carbamoyl and thiocarbamoyl derivatives based on
tertiary phosphine oxides, functionalized with primary or secondary
amino groups and diesters of aminophosphonic acids.*~® We report
here the synthesis and characterization of N-substituted carbamoyl-
(or thiocarbamoyl)-N-benzyl-aminomethyl-dimethylphosphine oxides
1-13 (Table I), which are expected to exhibit biological activity and
complex formation properties with metal ions.

RESULTS AND DISCUSSIONS

The starting secondary phosphorus-containing monoamine N-benzyl-
amino-methyl-dimethyl-phosphine oxide (BAPO) was prepared via sub-
stitution of the chlorine atom in dimethyl-chloromethyl-phosphine ox-
ide according to Scheme 1.

(CH3)2P(O)CHa\
(CH3),P(O)CH,Cl + 2 H)NCH,C¢Hs ——> N
CgH3sNH,.HCI CeHSCHS

SCHEME 1

The preparation of BAPO from the same starting compounds was
marked by Maier? and Schmutzler and coworkers,'41? and was used
for synthetic purposes, but the synthesis, identification, and charac-
terization of the compound was not described. The BAPO is a solid,
white crystal and a hygroscopic substance soluble in alcohols, di-
ethyl ether, tetrahydrofurane, ethylacetate, DMFA, DMSO, toluene,
dichloromethane, and chloroform, and insoluble in aliphatic hydrocar-
bons (hexane, heptane) and water. The nuclear magnetic resonance
(NMR) data in CDCl3 (presented in the experimental part) confirm the
structure of the compound.

The carbamoyl- and thiocarbamoyl derivatives 1-13 (Table I) were
synthesized by nucleophilic addition of BAPO to the corresponding iso-
cyanates and isothiocyanates according to Scheme 2.

The interaction between the reagents was realized as described
previously by us®® in dichloromethane solution at room tempera-
ture with molar ratio of the reagents of 1:1. The products were iso-
lated by filtration after crystallization from the reaction mixture and
washing with dry diethyl ether, and recrystallized from ethanol or
ethanol-ethylacetate mixture. All reported new carbamoyl and thio-
carbamoyl derivatives have been prepared with almost quantitative
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SCHEME 2

yields (Table IT). The interaction between the reagents proceeds with an
exothermal effect. These two facts indicate that N-benzyl-aminomethyl-
dimethyl-phosphine oxide is a strong nucleophilic agent, similar
to the primary phosphorus-containing monoamine, aminomethyl-
dimethyl-phosphine oxide,! and the secondary phosphorus-containing
monoamine with two phosphine oxide groups in the molecule,
bis(dimethyl-phosphinyl-methyl)amine.?

Some preparative and analytical data for the compounds 1-13 are
shown in Table II. All compounds are white crystalline substances that
melt at high temperatures. They are soluble in DMSO and DMFA, less
soluble in dichloromethane, chloroform, acetone, and methanol, spar-
ingly soluble in diethyl ether, tetrahydrofuran, and dioxane, and insol-
uble in aliphatic and aromatic hydrocarbons. The composition of 1-13
was established by elemental analysis for nitrogen (Table II). Their
structures were confirmed by IR-, 'H-, 3'P-, and 3'P{'H}-NMR spec-
troscopy and mass spectrometry.

The infrared spectra of 1-13 (Table III) showed characteristic bands
assigned to the phosphoryl group (P=0) at 1141-1178 cm™!, methyl
groups bonded to a phosphorus atom (CH3-P) at 1294-1331 cm™!,
bands of the carbonyl groups (C=0) involved in hydrogen bonds at
1634-1657 cm~! (Amide I), and intensive bands of the thiocarbonyl
group (C=S) at 933-939 cm~! and at 1246-1295 cm™! (corresponding
to Amide I). Bands for amide (NH—C=0) and thioamide (NH—C=S)
groups at 1528-1547 cm~! (Amide II) and several bands for N—H at
3025-3386 cm ™! are present as well. Characteristic bands for aromatic
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TABLE I Molecular Structure of Carbamoyl and Thiocarbamoyl
Derivatives 1-13 of N-benzyl-aminomethyl-dimethyl-phosphine Oxide

No.

Compounds

1

10

11

12

13

CH
9, 7O—Ce, oy v (O)

CgHs—CHyp
1-Phenyl-3-benzyl-3-dimethylphosphinylmethyl-urea

(CHgp PO—CHo~ oy NH@
CgHg—CHy o

1-(3-Chlorophenyl)-3-benzyl-3-dimethylphosphinylmethyl-urea

(CHa), P(O)_CH2>N——C(O)—NH4©—CI
CgHg—CHy
1-(4-Chlorophenyl)-3-benzyl-3-dimethylphosphinylmethyl-urea
(CHy), P(O)—CH2> N—C(O)—N
CgHg—CHy
1-(1-Naphthyl)-3-benzyl-3-dimethylphosphinylmethyl-urea

(CHg), POF—CHa~,
N—C(O)—NH~ )

CgHg—CHy”~ ©
1-Cyclohexyl-3-benzyl-3-dimethylphosphinylmethyl-urea
CH,), P(O H
(Cfg, PO—C 2>N—C(3)—NH—©

CgHg—CHy
1-Phenyl-3-benzyl-3-dimethylphosphinylmethyl-thiourea

CHg),, PO}—CH
(g, PO— 2>N—C(S)——NH—©—C|

1-(4-Chlorophenyl)-3-benzyl-3-dimethylphosphinylmethyl-thiourea
CHaq), P(O
(CHg), P )_CH2>N-—C(S)—NH4©—CH3

1-(4-Methylphenyl)-3-benzyl-3-dimethylphosphinylmethyl-thiourea

CHg),, P(O)—CH
(), PO— 2>N—C(S)—NH—©—OCH3
CgHg—CHy

1-(4-Methoxyphenyl)-3-benzyl-3-dimethylphosphinylmethyl-thiourea
CH,),, P(O
(CHg), P )_CH2>N—C(S)—NH—C1-54©
1,3-Dibenzyl-3-dimethylphosphinylmethyl-thiourea
(CHg), P(O)—CHa~
N—C(S)—NH

CgHg—CHy™™ =)
1-Cyclohexyl-3-benzyl-3-dimethylphosphinylmethyl-thiourea
CH,),_ P(O—CH
(CRg), PO— 2>N—C(S)—NH—CyHg

CgHz—CHy
1-Ethyl-3-benzyl-3-dimethylphosphinylmethyl-thiourea
CHo), P(O H
(g, PO—C 2>N—C(S)—NH—C4Hg

1-n-Butyl-3-benzyl-3-dimethylphosphinylmethyl-thiourea
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TABLE II Preparative and Analytical Data of Carbamoyl and Thiocarbamoyl
Derivatives 1-13 of N-benzyl-aminomethyl-dimethyl-phosphine Oxide

Nitrogen, %

Yield, %  Melting point,°C  General formula, mol. mass = Found  Calcd.

No
1 96 176-177 C17Hy; N O,P, 316,34 8.95 8.86
2 98 148-149.5 C17Hy0CIN, O5P, 350,78 7.82 7.99
3 99 188-189 C17HsCIN,O5P, 350,78 7.81 7.99
4 92 222924 Co1HasNoOoP, 366,40 7.52 7.65
5 97.7 163-165 C17H97N2 05 P, 322,39 8.54 8.69
6 96 169-170 C17Hy;N,OPS, 332,40 8.58 8.43
7 98 167-168 C17Hy¢CIN,OPS, 367,85 7.79 7.64
8 97 159-161 C15H23N,OPS, 346,43 7.95 8.09
9 99 164-165 C18Ha3N2 05 PS, 362,43 7.64 7.73
10 96 144-145 C15Ha3N,OPS, 346,43 7.96 8.09
11 94 173-174 C17H97NoOPS, 338,45 7.15 7.21
12 99 173.5-174.5 C13Hy;N,OPS, 284,36 9.76 9.85
13 98 124-124.5 C15Ha5N,OPS, 312,41 8.85 8.97

rings were at 1490-1503 cm™! and 1588-1602 cm~!. The bands of
the phosphoryl groups (P=0) of 1-13 are shifted with 30—50 cm™! to
the lower frequencies when compared to nonsubstituted tertiary phos-
phine oxides, which is due to their association with N—H amide and
thioamide protons via hydrogen bonds.'® Some of the compounds 1-13
show two bands for the phosphoryl group. This phenomenon could be
ascribed to different spatial isomers or two kinds of phosphoryl groups:
the first one bonded with hydrogen bond, while the second one did not
bond.1®

The bands of CHy groups in the cyclohexane ring are at 883, 2850,
and 2933 cm~! for the compound 5 and at 877, 2859, and 2924 cm~!
for the compound 12. The bands for monosubstituted Ar-rings in 8 and
9 are at 742 cm~! and 735 cm™!, respectively.

The NMR data correspond to the structure of the prepared com-
pounds (Table IV). The 'H-NMR study of 1-13 showed resonance sig-
nals as doublets for CH3—P=0 at 1.30-1.51 ppm and 2Jgp = 12.6—
13.2 Hz. The resonance signals of the methylene protons CHy-P=0
were registered as broad singlets for thiocarbamoyl compounds 6-13 at
4.00—4.24 ppm and as doublets for 1-5 carbamoyl compounds at 3.58—
3.82 ppm with 2Jyp = 3.1-5.4 Hz. The resonance signals for Ar—CHy—N
protons were singlets at 4.58-5.24 ppm. The resonances for NH—C(X)
amide or thioamide protons were broad singlets at a wide region from
5.37 ppm for 5 to 9.91 ppm for 7. These signals disappear or their in-
tegral intensity is significantly reduced after deuterium exchange with
CD30D, which is a relatively slow process at room temperature even



[_WD (S) GEL ¥ 6 ON PUB [_WD (S) gL 48 8 ON "duwiod :SuLI-Iy pejnjnsqnsouow 10 spueg ,
[ (S) $363
‘(ur) BG83 ‘(S) LLS Y8 BT ON £(5) €663 (W) 0983 ‘(W) £88 78 G ON "durod :3uLr suexayoo£d oYy ut sdnoas EEy) Jo spueq oYL,

(w) 6951 (un) 9671 (wn) 70ET (s4) €9TT
- (8) gLEE (S8) 6EST - () €€6 - (8) LBET (W) 63T (w) $EIT1 €1
(ur) 0651 (wn) GGPT
- () 99z¢ (88) L¥ST - (8) g€6 - (8) LBET (W) TEET (88) 6911 g1
(w) 951 (wn) GGPT (8A) €911
- () 99z¢ (88) 9%GT - (8) ¥€6 - (8) OTFT (8) TOET (SA) €ETT  »IT
(4) 0091 (wn) $L81 (w) ZS¥1
(wn) G671 (8) €92¢ (S8) €FST - (8) ¥€6 - (W) 80FT (W) 70ET (S8) 0GTT (1) §
() 2091 (s8) 9%21 (wn) 08¥%1
(8) G671 (8) 981¢ (s8) 0€ST - () g€6 - (W) 80FT (W) G631 (SMTSTT 76
(m) 06GT (8) g81¢ (w) 9921 (wn) TIET
(wn) G671 (m) G20¢€ (s4) 0€ST - (S4) 6€6 - (8) 9L%1 (W) G631 (SA) €GTT ¢8
(ur) 88GT (w) G631
(84) B6VT (wn) 861¢€ () L€ST - (W) g6 - (W) 8TFT (W) TEET (S8) LGTT L
(ur) 0091 (8) 981¢ (w) L9231 (W) LLVT (S8) $GTT
(8) 9671 (W) L30¢€ (S8) TEST - (8) LE6 - (W) 6991 (w) g0eT (®) TP1T 9
(8) PLVT (S8) OLTT
- (8) 662¢ - (8A) GHST - (84) 6691 (W) PGPT (w) 7061 (84) 0911 5
(8) 0091 (w) g15¢ (8) 0991 (w) LOET
(84) €0ST () 98¢¢ - (8A) 83ST - (8) 7691 (W) gSv1 (W) G621 (S8) TGTT 14
(8) €691 (W) gLV (S8) 8LTT
(8) 1691 (8) 8228 - (8A) 86ST - (8A) TS9T (8) GTFT (8) 20€T (8) LGTT €
(8) ¥65T
(8) 0671 (ur) §L3€ - (8) TPST - (8A) 6991 (8) Ge¥1 (un) OTET (S8) TLTT 4
(8) L6ST (W) ZIET (8) 9911
(8) 00ST (un) 193¢ - () e¥ST - (8A) LS9T (8) G%¥1 (un) F0ET (un) 67TT T
(ITv) a (H—N)*  (S=D—NH)¢ (0=D—NH)¢ (S=D)1 (0=D) ((HD)4 (d®HI)  (O=d )1 ON

ap1x( surydsoyd-[AYjowWIp-[AY}oWOUTWR-[AZUS]- N
JO €TI-T SPAIJRALIS(] [AOWEBQIRIOIY ], PUE [A0UWRqIR)) I0f (;_ WD ‘¢ ‘a) Bye( Y] d1suoperey) III A TIV.L

102 JSqWenoN 8T G0:6T e [selrelqi Ausiealun aidwe 1 ] Ag pepeojumoq

1762



"wdd (w) ¢ 'g-6¥'¢ 18 (S)D—NCHI—0—I0—0

10J pue suojoad (Q)JE(EHD) 10J [BUSTS souruOosal o} Y3m paddelreso [eusis ayj pue wdd
(un) L3 T-6%'T 18 (S)D—N—DPHD—D—D ‘wdd (w) 61°T 38 (S)0—N—I—D—CFHDI—D ZH §¢'L = HHp, yaim

wdd (3) 08°0 98 (S)D—HN—D—D—0D-8HD 3 A[9A10adsar a19m suojord [£)nq 10J S[EUSIS 9IULUOSL 9,

‘wdd g g—¢G ¢ Je je[diynur B sem suojoad S [Ay3e J10J [RuSIS

doueuosar oY, ‘ZH Gg'L = HHp, yyim wdd (3) 80'T 3e sem suojoad EF) [£U39 10] [BUSIS 99RUO0SII 9], 5

‘suojoxd (0)J®HD

JI0J [BuSIs eouruO0SaI 9} Y3m padderreso pue wdd 0z #—¢1 ¥ 18 jo[dimur e sem uojoxd H)) oUBXaY0[o£d
103 Teusts o], ‘wdd 66'T-66°0 1€ sIO[dY[NW 9AY Sk a1om suojord SF) SUBXAYO[IAD 10§ S[RUSIS Y],/

Jo[3uts B 09 seduryp 31 (JO D YIM 95UBYIXe WNLINIP JoY Y "uojord oprureorys (S))—HN YIm

Burpdnoo ayy jo esnessq ‘zH 90'g = HHp, pue (p) 61§ e sem (S)D—N—CHD—IV dUd[Ayjour 10f [eusIs Y],
‘wdd (s) gL '¢ e sem suojord 1y—QFH) 10§ [eUSIS AYL,,
‘wdd (s) Gg'g 78 sem suojoxd 1y—E) I0] [eudIs 9y,
‘wdd 2,¢'e—GH ¢ Je jerdimur e sem uojord ) aUrRXoYO[d4Ld 10J [RUIIS
oy, ‘wdd g8'T—%6"0 e s3o[diynur 9AY se a1em punoduwod oy} Jo suojord SH ) suEXeY0[2£d 10§ [BUSIS AY[,,

JordLry 4 “e[Surs ‘s “erdynu ‘w {jo[qnop ‘p 39[3ULS proI(q ‘Sq :SUOI)RAIQY ,

PGGy+ (W) I L-8T'L (8)00°L (8)80°G —  (SPETy 93T (P IFT 48T
09°GP+ (W) 0g'L-8T'L (8)G0'L (8)60°G —  (s980F 9TT (P IVI 561
Provt (W) 18 L-LTL (8)9L°9 (8)90°G — (S LTF 93T (P)LFT JII
0g'Sh+ (W) 0g'L—60°L (8)30°L (8)80°G —  (PFgy 98T  (P)SFT 01
FPTOV+ (W) GgL-8L°9 (8)ST°6 (8) €' —  (PFTF 93T (P 6FT 26
ST'9F+ (W) GE'L—G0'L ()66 () €' —  (QgTy 9%l (P 6FT 8
89°9%+ (W) 0g'L—6TL (8) 166 (8)¥5°S — (59 00F% 93T (P)SFT L
6297+ (W) GEL-L0L (8) 166 (8)1%°S —  (5980F% 9% (P)6FT 9
96 7P+ (W) 0g'L9T'L (8) LE'S (8)8G% e  (®I19¢ 93T @IFT oS
62°CP+ (W) FLL6TL (8)¥5'8 (8) 08'% ¢  (Pgse &eT (PIST 12
PIOV+ (W) g L—FT°L (8) LT°6 (8) 197 L'e  (Psse 92T  (P6ET g
ST'9F+ (W) 8F'L—06'9 (8) €56 (8) 197 ¥ (P)8se 98T (P OFI 4
gLGh+ (W) geL-LTL (8)¥L'8 (®)¥9% e Pg9e 9T (PIVI I
¢ ¢ ¢ ¢ dHp, ¢ dHp, ¢ ‘ou
{H{}dre H—V XD—HN—Y  NPHD—IV “dwo)
(0)d®HD (0)I%(*HD)

suojo1d “GINN H

(zH ut p ‘wdd urt ¢) eprx( surydsoyd-[AyjowiIp-[A}owouTwe-[AZUaq-N

Jo ,EI-T seAneALIa(] [Aoureqresory, pue [foureqre) jo eyed YINN {Hi}d; PUe H; Al A'TAVL

102 JSqWenoN 8T G0:6T e [selrelqi Ausiealun aidwe 1 ] Ag pepeojumoq

1763



Downloaded by [Temple University Libraries] at 19:05 18 November 2014

1764 E. Tashev et al.

in homogenous solution of CDCl3 and CD3OD. The resonances of
both kinds of the aryl protons were observed as multiplets at range
6.78-7.74 ppm.

The resonances of methyl (CHs-P), methylene (CHy-P), and
(Ar—CHy—N) protons of the carbamoyl derivatives 1-5 are in stronger
field than the resonances of the same proton of thiocarbamoyl deriva-
tives 6-13.

The 3'P{'H}-NMR and ' P-NMR spectra of the carbamoyl and thio-
carbamoyl derivatives 1-13 represent singlet or multiplet resonance
signals in the range from +45.29 to +46.68 ppm, respectively, which is
typical for tertiary phosphine oxides containing one methylene and two
methyl groups at the phosphorus atom.!?

Mass spectrometric data (EI: 70 eV) that confirm the proposed
structures and elemental compositions of the compounds, are pre-
sented in Table V. In all mass spectra, signals due to molecular
ions can be found. The fragmentations of [M]™ can easily been
understood. The N—C(X) bond seems to be very labile, and the
main fragmentation pathway is loss of C(X)NHR under formation of
[(CH3)2:P(O)CHoNCH3CgH5]" m/z 196. Peaks due to fragmentation
within the substituents R are of no importance. All spectra show abun-
dant signals for [CH;NH(CH;CgHs1™ (m/z 120) that has been formed
by elimination of CH3(CHj3)PO (—76u) and [NH(CH:CgH;51" (m/z 106),
which is generated by elimination of CH3(CH2)PO(CHy) (—90u) from
the ion m/z 196 and H-migration to the nitrogen atom.The base peak in
all spectra is m/z 91. It belongs to [C;H7]t—a typical fragment in mass
spectra of compounds containing a CgHs—CH; substituent.

EXPERIMENTAL

Starting Materials

The used isocyanates and isothiocyanates were commercially available
products from Fluka (Switzerland) and Merck (Germany), while
chloromethyl-dimethyl-phosphine oxide was purchased from Hoechst
AG (Germany). The solvents were dried by standard procedures before
use.

Characterization of the Prepared Compounds 1-13

The elemental analysis for nitrogen content was performed according to
the method of Dumas. The melting points were measured on a Boetzius
microheating plate PHMKO5 (Germany) and were uncorrected.

The infrared spectra (400-4000 cm~!) were recorded on a Bruker
Vector-22 infrared (IR) spectrometer as KBr pellets.
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The 'H-NMR spectra were taken on a Bruker Advance DRX 500 spec-
trometer at 500.13 MHz in CDCls. The chemical shifts are given rel-
ative to internal TMS (tetramethylsilane). The 3!P and 3'P{'H} NMR
spectra were registered in the same solvent on the same instrument
at 202.45 MHz. The chemical shifts are given relative to external 85%
aqueous H3PO,.

EI-mass spectra [EI-MS] were measured at 70 eV, source tempera-
ture 200°C, using the direct inlet system on a Finnigan MAT 8200 mass
spectrometer.

Procedure for the Preparation of N-Benzyl-aminomethyl-
dimethyl-phosphine Oxide

A mixture of dimethyl-chloromethyl phosphine oxide (12.7 g, 0.10 mol)
benzylamine (24.5 g, 0.23 mol), and xylene (150 ml) was refluxed for
12 h in argon atmosphere. The formed benzylamine-hydrochloride was
removed by filtration, and the xylene was evaporated at reduced pres-
sure. The crude yellowish oil was dissolved in 150 ml chloroform, and
after filtration the solution was washed twice with water. After drying
with Nas SOy, the solvent was evaporated and the product distilled at
152-154°C/0.3 Torr. Yield 86% (17.1 g). The product melts at 30-35°C.
'H-NMR: § = 7.24-7.33 (m, 5H, Ar—H), § = 3.86 (s, 2H, CH,-N, § = 2.86
(d, 2H, CHy-P, 2Jpp = 7,3 Hz), § = 2.21 (s, 1H, NH), § = 1.49 (d, 6H,
(CH3)2-P, 2Jyup = 12.6 Hz). ' P{'H}-NMR: § = +43.53 (s).

General Procedure for the Preparation of Carbamoyl
and Thiocarbamoyl Derivatives 1-13

A solution of isocyanate or isothiocyanate (4.0 mmol) in dichloro-
methane (1.0 ml) was added dropwise to a stirred solution of N-benzyl-
aminomethyl-dimethyl-phosphine oxide (4.0 mmol) in dry dichloro-
methane (3.0 ml) at room temperature. An exothermal reaction was
observed, and the reaction mixture was stirred at room temperature
until a solid product was obtained, which was then allowed to stay for
2 h. In some cases the reaction mixture was stirred at 30-40°C for
15 min and approximately 1 ml of hexane or diethylether added and
cooled. The crude products were separated by filtration, washed with
diethyl ether, and recrystallized from ethanol or ethanol-ethylacetate
mixture to a constant melting point. The preparative and analytical
data of 1-13 are presented in Table II.
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